Background: The association between atopic dermatitis (AD) and cardio-metabolic
adolescence and adulthood. Other typical involved areas include the head and neck, as well as the hands and feet. 2 Patients with AD suffer from primary or secondary xerosis, in some cases driven by a loss-of-function mutation in the filaggrin gene (FLG), 3 and have increased risk of developing food allergies, allergic rhinitis and asthma. 4 Several sets of diagnostic qualitative criteria for AD have been developed based on the collection of clinical features in children, including the Hanifin and Rajka criteria, the UK Working Party Criteria and the ISAAC criteria. [5] [6] [7] [8] While these criteria have been repeatedly validated in paediatric populations, this is not the case for adult populations. 9 It is thus uncertain whether these criteria are applicable to accurately identify adults with a history of (or active) AD. Moreover, translating a set of diagnostic criteria into questionnaires may carry additional challenges.
The recent surge in studies investigating the association between AD in adults and cardio-metabolic comorbidities has shown conflicting results. [10] [11] [12] [13] [14] [15] [16] The discrepancies are most likely explained by differences in cardiovascular risk profiles in patient populations, but methodological heterogeneity across the previous studies regarding study design, AD definition, statistical models and outcome measures may also have contributed to differing study conclusions. We investigated the prevalence of cardio-metabolic risk factors in a large adult Danish general population using questionnaire-based definitions of AD and objective outcome measures. As there is currently little insight into which questionnaires are best at identifying adults with a history of AD, we applied 3 separate definitions to assess their agreement and homogeneity.
| MATERIALS AND METHODS

| Data sources
The Danish Study of Functional Disorders (DanFunD) is a large cross-sectional general population study that contains healthcare data derived from questionnaires and general health examination. 17 A total of 9656 randomly sampled Danish adults aged 18 to 76 years participated in the DanFunD study in greater Copenhagen.
The study was conducted at the Research Centre for Prevention and Health (RCPH), and data were collected in 2 phases. The data for part one were collected during 2011-2012 and were a followup study of a previous study cohort, the Health2006 cohort. 18 A total of 3405 were invited, of which 2308 (67.8%) individuals responded. Part two was conducted during 2012-2015, where a total of 25 368 adults were invited, of which 7493 (29.5%) participated. 17 
| Questionnaire data
Participants completed questionnaires about health-related behaviour and symptoms as well as information on socio-economic factors. To identify individuals with AD, we utilized 3 sets of diagnostic criteria constructed from the questionnaire. Definition 1 was defined by a question regarding self-reported physician-diagnosed AD.
Definitions 2 and 3 were based on modified versions of questions used in the UK Working Party Criteria for Atopic Dermatitis. 19, 20 The question that addressed the UK Working Party major criterion was "have you ever had an itchy skin condition?" Questions that addressed the minor criteria were "did the skin condition begin before the age of 2?" "has the skin condition involved the skin in front of the elbows, behind the knees, around the wrists, the neck or the eyes?" "has a doctor ever told you that you have/have had asthma or hay fever?" and "have you ever had dry skin in general?"
• Definition 1 (physician-diagnosed): An affirmative answer to the question "has a doctor ever told you that you have/have had AD"
• Definition 2 (UK 2/4): Fulfilled the major criterion and at least 2 of 4 minor criteria of the UK Working Party criteria.
• Definition 3 (UK 3/4): Fulfilled the major criterion and at least 3 of 4 minor criteria of the UK Working Party criteria.
UK 2/4 has been repeatedly used in Danish population-based studies, 21, 22 as previous validation studies of different cut-off points showed slightly lower specificity, but a higher sensitivity when using 2 minor criteria instead of 3. 23, 24 To reduce possible diagnostic misclassification, participants were removed from the AD group and classified as controls if they also reported having physician-diagnosed psoriasis in the questionnaire. Questions regarding selfreported cardiovascular risk factors, including hypertension and hypercholesterolaemia, were based on questions with the same wording, that is "has a doctor ever told you that you have/have had. . .". Questions regarding smoking habits and alcohol consumption are described in detail elsewhere. Waist circumference was measured to nearest centimetre (cm) between the iliac crest and lowest rib. Body fat percentage (%) was measured using a foot-to-foot Tanita Body Composition Analyzer (TBF-300, TANITA Corporation of America, Inc., Illinois, USA.). 26 Systolic and diastolic blood pressures (mmHg) were measured at least twice per participant using a mercury sphygmomanometer (Mercuro 300, Speidel & Keller, GmbH & Co, Jungingen, Germany). A mean value of the last 2 blood pressure measurements was calculated for systolic and diastolic blood pressure, respectively. Hand-grip strength in the dominant hand was measured using a Jamar dynamometer (Sammons Preston Rolyan, Chicago, Illinois, USA). 27 Cardio-respiratory fitness was measured as maximum oxygen intake (VO 2 max) using indirect maximal cycle ergometer test, or a step test. 28 Participants were asked to fast from the midnight prior to the day of examination to enable a fasting blood sample collection. Levels of total serum cholesterol (mmol/L) were determined enzymatically. Weighted analyses were applied in all adjusted models. Pvalues < .05 were considered statistically significant.
| Missing data
For all covariates and endpoints, the number of missing observations was less than 5% except for the question regarding alcohol consumption (9.3%) and the cardio-respiratory fitness test (14.4%). Complete case analyses were applied where participants with missing data were excluded from each analysis. Frequencies of missing observations are presented in Table S1 .
3 | RESULTS
| Population characteristics
A total of 9656 individuals participated in the study, of which 462 (4.8%), 903 (9.4%) and 226 (2.3%) were classified as having a history of AD according to definition 1 (physician-diagnosed), 2 (UK 2/4), and 3 (UK 3/4), respectively ( 
| Cardio-metabolic risk factors
The prevalence of adiposity varied across the 3 AD groups, with lower prevalence in participants with physician-diagnosed AD and overall higher prevalence in UK 2/4 and UK 3/4. ( Table 2) In age-and sexadjusted analyses, physician-diagnosed AD was not associated with measures of BMI, waist circumference or body fat percentage (Table 3) .
Obesity measured as BMI and waist circumference, respectively, was (Table 4) . Similarly, none of the measured parameters for high blood pressure or moderate to high serum cholesterol levels showed any significant associations with AD in fully adjusted models.
| Physical fitness
Participants with physician-diagnosed AD reported to have a better physical fitness compared with participants in UK 2/4 and UK 3/4.
In analyses where the 3 AD groups were compared with controls adjusted for age and sex, individuals with physician-diagnosed AD and UK 3/4 had comparable fitness to controls. UK 2/4 was negatively associated with "self-perceived good physical fitness" (aOR 0.77; 95% CI 0.65-0.91) and positively associated with "less good"
(aOR 1.40; 95% CI 1.16-1.70) and "poor" (aOR 1.55; 95% CI 1.14- questionnaires is challenging. Firstly, although AD is a chronic condition, it is characterized by periods of flare and remission, which can cause difficulties for patients to report certain symptoms at a given time. Furthermore, the presentation of AD is heterogeneous with slightly different phenotypes depending on ethnicity and age. 34, 35 Notably, xerosis may be of particular importance in populations where FLG mutations are prevalent, for example in Northern Europe. 36 Additionally, while differential diagnoses of AD are relatively limited in children, adults may have experienced a range of skin conditions that resemble symptoms of AD during their lifetime.
T A B L E 2 Prevalence of cardiovascular risk factors in adults with a history of atopic dermatitis, n (%)
Physician-diagnosed AD n = 462 AD, atopic dermatitis; BMI, body mass index; CI, confidence interval; OR, odds ratio. Physician-diagnosed AD: An affirmative answer to the question "has a doctor ever told you that you have/have had atopic eczema?" UK 2/4: fulfilled the major criterion and at least 2 of 4 minor criteria of modified version of UK Working Party Criteria for Atopic Dermatitis, UK 3/4: fulfilled the major criterion and at least 3 of 4 minor criteria of modified version of UK Working Party Criteria for Atopic Dermatitis. a OR estimates were adjusted for age, sex and survey weights in multivariable logistic regression analyses.
Self-reported physician-diagnosed AD is commonly used in questionnaire settings. We found a relatively low lifetime prevalence of AD (4.8%), perhaps due to a low sensitivity as mild cases of AD may not ever present to a physician. A validation study conducted in the results. 10, 15, 41, 43 For example, a large Canadian study used the wording "has a doctor ever told you that you had eczema?" and concluded that an inverse association existed between AD and cardiovascular risk factors. 15 It is therefore possible that previous questionnaire-based studies also have been challenged by the putative imprecision of AD diagnosis.
| Strengths and limitations
We utilized a large set of general population data, which makes the results more generalizable as opposed to studies based on selected patient cohorts. Furthermore, objective anthropometric measurements in adults with AD are not commonly reported. Study limitations include a relatively low response rate and a skewed age and gender distribution. Additionally, no information regarding disease activity or severity of AD was available.
T A B L E 5 Linear associations between self-reported atopic dermatitis and physical fitness tests performance T. Skaaby http://orcid.org/0000-0003-0031-5726
